Presented here is a cell-suspension model for positive selection using thymocytes from cq3-TCR (H-2Db-restricted) transgenic mice specific to the lymphocytic choriomeningitis virus (LCMV) on a nonselecting MHC background (H-2 ' or TAP-1 -/-), cocultured with freshly isolated adult thymus stromal cells of the selecting MHC type. The thymic stromal cells alone induced positive selection of functional CD4-CD8 cells whose kinetics and efficiency were enhanced by nominal peptide. Fibroblasts expressing the selecting MHC alone did not induce positive selection; however, together with nonselecting stroma and nominal peptide, there was inefficient positive. These results suggest multiple signaling in positive selection with selection events able to occur on multiple-cell types. The ease with which this model can be manipulated should greatly facilitate the resolution of the mechanisms of positive selection in normal and pathological states.
INTRODUCTION
Engagement of the TCR is a pivotal step in thymocyte development, ultimately resulting in the survival (positive selection) or loss (negative selection) of developing T cells. The molecular and cellular interactions necessary for these selection events, however, are still poorly understood. MHC transfected fibroblast lines (Pawlowski et al., 1993) and cloned thymic epithelial-cell lines Vukmanovic et al., 1992) were able to induce positive *Corresponding author. selection after intrathymic injection. However, the possibility for multicellular involvement--fibroblasts providing the selecting MHC combined with appropriate thymic epithelial cells delivering inducing signals--has not been addressed.
In conjunction with TCR transgenic mice, fetal thymic organ culture (FTOC) has been a useful in vitro model for investigating the effects of peptide in thymic selection processes (Ashton-Rickardt et al., 1994; Hogquist et al., 1994; Sebzda et al., 1994) .
Reaggregate FTOC have also been developed to include defined populations of T-cell precursors and embryonic stroma (Anderson et al., 1994; Merkenschlager and Fisher, 1994) . However, in these FTOC models, embryonic thymi are the source of Tcell precursors and stroma, yet the nature of the embryonic thymus differs markedly from that of the adult . Hence, they may be inappropriate to study the mechanisms and cellular involvement in adult thymic positive selection and abnormalities therein that are manifest postnatally. Furthermore, the downregulation of RAG-1 expression in immature CD4+CD8 thymocytes (Brandle et al., 1992; Kouskoff et al., 1995) , a common source of precursor cells for some current assays for positive selection, indicates that cells at this stage may have already received selection signals in vivo, prior to culture. We thus sought to develop an in vitro model for positive selection that uses adult stroma and requires minimal pretreatment of T-cell precursors yet eliminates the possibility that selection signals had already occurred in vivo.
This cell-suspension model is more easily manipulated and should enable a more detailed dissection of the thymic stromal elements involved in adult thymic selection and hence allow investigations into possible thymic selection detects present in autoimmune diseases.
RESULTS

An Adult Thymic Stromal-Cell-Suspension Model for In Vitro Positive Selection
The basic method is outlined in Figure 1 When the transgenic thymocytes were cocultured with selecting (H-2b) stroma, however, significant levels of CD4-CD8 cells developed (--15% of total cells) by day 5 (Figure 2A ). This (Lundberg and Shortman, 1994 To further establish that the CD4-CD8 cells developed de novo and were not due to proliferation of preexisting mature cells, the El7 transgenic cells (H-2d) were presorted into CD4+CD8 and CD4-CDS-populations prior to coculture with H-2 b stroma. In both cases, significant levels (16-23%) of CD4-CD8 cells developed by day 4 of culture even in the absence of nominal peptide ( Figure 2B ). We also examined the phenotypic and functional status of the minor subset of El7 CD4-CD8 cells (4-8%) present in the nonselecting MHC thymus. In accordance with their low TCR status, these cells were immature intermediates since they were uniformly TSA-1 hi and HSA hi ( Figure 5 ) and rapidly lost in culturemby 48 hr, 94% of the cells were CD4+CD8 (Figure 6 ). This (Figure 7) .
Phenotypically, these cells remained CD4-CD8 hi and were able to specifically lyse LCMV-(10-SM) loaded EL4 target cells (Table 3) .
CD69 Expression
The early T-cell activation marker, CD69, is transiently expressed during thymocyte selection, both positive and negative (Swat et al., 1993; Brandle et al., 1994 (Kersh and Hedrick, 1995; Kishimoto et al., 1995) . The second increase in CD69 (day 3) would be a consequence of positive selection. CD5 is another cell-surface molecule that is upregulated during positive selection (Fowlkes et al., 1985; Lanier et al., 1986 It has been argued that MHC alone is all that is required to induce positive selection, with the main body of evidence being from intrathymic injections of cell lines expressing the selecting MHC into a nonselecting thymus Vukmanovic et al., 1992) . These experiments, however, did not exclude the possibility that accessory signals that may be required for positive selection were received from the nonselecting thymic epithelial cells. We found that positive selectio/a was only observed with thymic stromal cells and not when transgenic precursors were cocultured with H-2b-expressing thymocytes, irradiated spleen cells, or fibroblasts (MC57) in the presence or absence of peptide. Positive selection was evident by the downregulation of the CD4 coreceptor, upregulation of TCR, and upregulation of CD69 and CD5. Similarly, Anderson and colleagues have found in reaggregate thymic organ cultures that thymic epithelium was essential for positive selection (Anderson et al., 1996) 
